Abstract-Mobile application has been identified as the best platform for the expert system tool to reach as many users as possible. The main contribution of this paper is the development of an expert system tool for evaluating the ripeness of banana fruit. Utilizing Google Cloud Platform, the application sends the sample of banana image through Google Cloud Vision Application Programming Interface to get attribute readings from the sample image. The result of the analysis is compared with application's database of attributes datasets to determine the ripeness of the banana sample image. In this work, the ripeness of the banana is classified into three different class of maturity; unripe, ripe and overripe systematically based on their key attributes value. This work also involved the process of collecting samples of banana with different level of ripeness, application development and evaluation to improve the accuracy of the developed applications classification results using image processing and data mining techniques.
I. INTRODUCTION
obile application offers huge practicality for users as mobile devices are already equipped with camera, compared with desktop software that requires additional hardware for image input. Other than that, mobile devices such as smartphone had already becoming an important aspect in human life with the number of smartphone user forecasted to grow from 2.32 billion to around 2.87 billion in 2020 [1] . Over 36 percent of the world's population is forecasted to use a smartphone by 2018 [1] . Two most popular mobile application platforms are Google's Android and Apple's iOS.
According to Malaysia's Department of Statistics, banana is the fourth most consumed fruit produce in Malaysia with per capita consumption of 9.5 kg per year [2] . Consumption of banana surpasses other fruits such as watermelon, rambutan and mango. Banana is consumed daily in Malaysia as the fruit serve as a reliable source of energy. In this paper, banana is chosen to be evaluated due to its huge availability in the market and has a high demand among the consumers [3] . Imported species of banana found in the large supermarkets are commonly genetically modified organisms which are cultivated to last a longer time than the normal local bananas. The novelty of this work is at evaluating local species of banana using image processing techniques.
Bananas are commonly evaluated by its skin colour. However, consumers may want to keep the bananas for consumption at later time (e.g. 2 weeks), thus they would choose to buy immature bananas instead of ripe bananas. Consumers also may have difficulty to know if the banana is at its best-for-consumption period. Thus this paper introduces an accurate solution to determine the maturity of bananas accordingly. In agricultural industries, there are methods and tools for quality control in large scale production. However, for small scale local farmers, such technology is not easily accessible and available. Experienced farmers may already have the skills required to determine the fruit maturity by observations. Beginners or new local banana farmers would benefit from this work, which serves as an expert system tool to help them determine the maturity of produce accurately.
The main contributions of this paper include: 1) to develop a classification model for image processing of banana ripeness, 2) to integrate classification model into a mobile application platform, 3) design and build mobile application (as an expert system tool) for evaluation of banana fruit ripeness and 4) to utilize Google Vision API in Google Cloud Platform in processing image attributes from the mobile application. This research also involves the process of collecting samples of banana with different level of ripeness, building classification M model, application development and evaluation to improve the accuracy of the application's classification results based on image processing techniques. The main outcome of this project is a mobile application that is capable of identifying the ripeness of a banana sample. The mobile application would be able to provide users with real-time evaluation of banana ripeness to assist them in buying and selecting bananas.
II. BACKGROUND STUDY
The maturity or ripeness evaluation of banana had been implemented as a Graphical User Interface Development Environment (GUIDE) in MATLAB [4] . However, this paper focuses on implementing and developing classification model into a mobile application.
Among the attributes used to build classification model rule are colour mapping, color conversion and color mean intensity. For color mapping, the method is to convert colours into specified range of 3-D RGB colour space into continuous 1-D colour space. The method does not involve any machine learning technique [5] . Research in [6] detected artificially ripened banana by converting the original RGB image format into Cyan, Magenta, Yellow and Black (CYMK) format. Reference image is denoted as the standard image and the image will be compared to the banana original image. Deviation from the actual image is detected as artificially ripened banana.
Prabha & Kumar [4] using colour mean intensity value. Result obtained based on the method applied imply that mean colour intensity algorithm showed 99.1% accuracy in classification of banana ripeness. The area algorithm on the other hand only has 85% accuracy [5] .
There are three types of classifier used in the existing research method which are Support Vector Machine (SVM), Discriminant Analysis and Rule-Based Classification. The accuracy obtained using SVM radial basis kernel is 96.5%. This classification method can be used to recognize ripeness of banana based on the values of L*,a* and b* [7] . Discriminant analysis is used as classification method. Accuracy of 98% obtained by identifying 49 bananas in 7 stages of ripeness [7] . This classification method is proposed as a simple, fast and accurate technique. It was found to be more consistent, efficient, and economical to identify the ripeness of bananas compare to current instrumental techniques.
Another classification method that can be used is rule-based classification technique. Rule-based classification contains a set of if-then rules. Several purposes can be used through this classification method such as predictive decision in actual application and in decision support.
III. METHODOLOGY
The development of this project can be divided into two parts, which are developing the classification model and developing the mobile application. In the classification model development, techniques selected in its subcomponent are crucial as it will affect the accuracy results.
A. Classification Model Development
Flowchart of the classification model development is shown in Fig. 1 . The process begins with image acquisition and last with classification. A total of 30 sample images of banana were acquired consisting of 10 images from different classes of maturity (unripe, ripe and overripe). Fig. 2 to Fig. 4 show the sample image of unripe, ripe and overripe banana.
Based from the 30 sample images obtained, image distortion techniques are applied using MATLAB. Image distortion for the 30 sample images is done using MATLAB by adjusting the brightness of sample images, adding noise in the images and adding blur motion to the images. imnoise function is used to add the Gaussian noise in the image. As for brightness image distortion, imread function is used to read the image. Then, add any number to the output to increase the brightness. For motion blur image distortion, fspecial function has been used. This function produces several kinds of predefined filters, in the form of correlation kernels. Firstly, using imfilter function then using the fspecial filter would apply filter directly into the sample image.
Batch file processing has been done to load data, perform multiple processes and save the outputs in sequence. Using batch file command had the benefit to fasten the process time as it will process in batch system without user interaction. Colour dominance is extracted at the feature extraction stage. Fig. 5 shows the output of Google Cloud Vision that extracted the dominant colour from an image sample of an unripe banana. Dominant colour is obtained from the most frequent colour observed in a focus group in an image. By inputting a segmented banana image sample with the white background, Google Cloud Vision is able to distinguish the banana image from the background (i.e. no white colour codes present in the dominant colour result). In this case, the dominant colour of the sample image is determined to be RGB (92, 132, 19). Aside from the dominant colours, Google Cloud Vision is able to output labels, safe search attributes, crop hints and matching images from the Google Search Library.
Google Vision JSON (JavaScript Object Notation) output of the image analysis. In the image properties object, it can be observed that dominantColors child object represent the dominant colour value of the sample image. The colours are defined in RGB format. The object also include a score attribute that measures the colour dominancy based on the Google Cloud Vision's algorithm which calculates the confidence of whether the colour is part of the central focus of the sample image.
Once the dominant color score for each of the sample image were obtained, the classification rule was developed using WEKA. WEKA Tool is a software with a collection of machine learning algorithms for data mining tasks. We analyzed and compared the sample using a rule-based classifier algorithm (J48). J48 is a classifier algorithm implemented in Weka for building decision trees. Classification process is applied to the image attributes dataset, which is the colour dominance extracted from the image. The rules obtained is the key component of the evaluation engine in the mobile application.
The construction used in this rule-based classification is using data based approach with supervised learning. All the datasets are labelled initially. The main reason to choose rulebased classification is due to its easier integration into our mobile application. The developed classification model will later be implemented into a mobile application adaptable for iOS and Android Platform. Fig. 6 below shows the flowchart of the mobile application process flow. Firstly, when the application is launched, user captures an image of a banana. The image taken is uploaded into the Google Cloud Vision API and this process invokes the cloud functions which evaluates the ripeness of banana based on the rule-based classification model. The result is uploaded back into Google Vision API and is sent to the mobile application in which banana ripeness result is shown.
B. Mobile Application Development
Ionic Framework is an open source software development kit (SDK) for mobile application development. Ionic was built on top of Angular and Apache Cordova to provide support for both iOS, Android and Web platform [8] . The ability to develop an application for multiple platform from a single codebase is Ionic's great advantage when compared to developing using either Android Studio or iOS' Xcode. Furthermore, the application developed in Ionic would be easier to maintain as only one codebase is needed to be maintained for the entire platform supported.
Developing mobile application in Ionic Framework require knowledge in JavaScript, HTML and CSS. Being among the most used front end framework in the world, Ionic has a huge community of developers and instructors. Besides that, the documentation provided is extensive and complete with working examples.
Google Cloud Vision is part of Google Cloud Platform services, which is a service provided by Google. Google Cloud Vision API allows web developers to easily understand the content of an image sample by passing the image to Google's machine learning engine and passing back the result as a Representational State Transfer Application Programming Interface (REST API). The output of the Google Cloud Vision is integrated with the mobile application through a REST API.
For this project, Google Cloud Vision API provides a simple way for the proposed mobile application to process the banana sample image to get its image properties, e.g. dominant colours of an image. This method will reduce the processing needed to be done by the mobile device, thus making application lighter and able to work in low specification devices. Other than that, response for an image processing result would be faster. Fig. 7 The system flow of the mobile application Fig. 7 shows the system flow of the developed mobile application. Firstly, image taken using the BREES Application will be uploaded and stored into Google Cloud Storage. It triggers the Google Cloud Functions to run classification and send the output image to Google Cloud Vision. The output image, which is the result, will be sent back to the mobile application (user) and also the Google Firestore simultaneously.
C. Integrating Functionalities and Testing
Integrated functionalities were tested throughout the development of the application. There are 4 layers of testing including component testing, integration testing, system testing and acceptance testing. By conducting the tests, the defects and errors can be detected earlier before deploying the application.
IV. RESULTS AND DISCUSSION
Image distortion for the 30 sample images has been done using MATLAB. By adjusting the brightness of sample images, adding noise in the images and adding blur motion to the images, the sample size of the training data were able to be expanded from 30 sample images to 338 sample images. The image distortion process has the advantage of expanding the effective size of the training data. Considering all the possible variations of the same images tend to help our classification rule to learn to cope with all the possible distortions that will occur in the classification of real-life uses. The distortions applied to the sample images are brightness, two-dimensional (2D) motion filter and Gaussian noise. Brief analysis on the accuracy obtained when using bigger size samples was made. The comparative analysis is shown in Table I . It is observed that higher sample size yield more accurate rules. Although fewer rules are preferred, accuracy is the most important attributes we look for. From the rules generated, we embed it into our mobile application and conduct testing on real life samples. From preliminary testing, we managed to correctly identify ripeness of the banana captured by the application. On the other hand, the application is also able to distinguish between banana and other fruit as no ripeness evaluation will be executed for picture that is not a banana. This feature is achieved by label detection function in Google Cloud Vision that enable us to easily detect broad sets of objects in our images. From Table I , it is observed that the accuracy of the classification into three different class of maturity is 96.15% using 338 sample images. Fig. 8 illustrates mobile application with an image of banana and its ripeness and Fig. 9 illustrates the output of mobile application using other fruit.
Current function takes on average five seconds to complete and output a result. Further code refactoring may be needed in order to optimize the performance of the mobile application. As for our banana evaluation engine, more samples are needed in order to have a more accurate classification rules. Combining multiple aspects of image processing and data mining, we have managed to obtain a classification model of banana ripeness that is 96.15% accurate. Mobile application has been developed and integrated in the developed rule-based classification into the application's evaluation engine. The developed mobile application is suited for iOS and Android users. Google Vision API in Google Cloud Platform has been applied successfully in processing image attributes from the mobile application. Google Cloud Platform's tool and services has make it possible to build a server-less architecture for processing and storing images. With more data of sample images, we could also perform predictive analysis to predict the fruit shelf life.
